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Abstract
GABA is the major inhibitory neurotransmitter in the central nervous system. Its role in
the regulation of male copulatory behavior is not clear. Studies have shown that medial
preoptic area is an important site for regulating male mating behavior. The goal of this study
was to investigate whether GABA inhibits copulatory behavior through actions on the medial
preoptic area and to determine whether steroids regulate male copulatory behaviorby altering
GABAergic transmission in MPOA. Male intact Syrian hamsters were bilaterally implanted
with cannulae aimed at medial preoptic area (MPOA) and infused with the GABA agonist,
muscimol, the GABA antagonist, bicuculline, the GABAB agonist, baclofen, and the GABAB
antagonist, phaclofen. Male castrated hamsters received the injection of a combination of
phaclofen and bicuculline. We found that low dose ofmuscimol (25 ng/cannula) significantly
decreased the male sexual behavior and higher dose (50 ng/cannula) abolished male
copulatory behavior. Bicuculline significantly decreased the latency to intromit. Baclofen (25
ng/cannula) significantly reduced the mating behavior. Baclofen (45 ng/cannula), abolished
the copulatory behavior. Phaclofen significantly increased the number of mounts and
intromissions, but not the number of ejaculations. Phaclofen had no effect on the latency to
mount, and intromit, and ejaculate. The combination of phaclofen and bicuculline did not
reverse the fact that castration caused inability to mate. None of the treatments affected the
duration of anogenital investigation. Our data suggest that GABA inhibits copulatory
behavior through actions on the medial preoptic area, but does not play a role in the
regulation of anogenital investigation (AGI), GABA work through binding to both GABAA
and GABAB receptors, and steroids do not regulate the copulatory behavior by decreasing
GABA transmission in the MPOA.
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Chapter One
Introduction
The basic goal of neuroscience is to understand how the individual cells in the brain
are organized to generate a behavior. Fixed behaviors, such as copulation are ideal for these
studies because they are reliable and specific. Male golden hamsters are excellent models for
the study of copulation. The male golden hamsters have been used in this type of study. The
male hamsters are dependent on the pheromones from others of their species for the initiation
of mating behavior (Lisk, Zeiss, and Ciaccio, 1972). The pathways that carry these cues are
very limited in their projections and scientists have been able to follow them in the brain to
detennine the role of target areas in the regulation of specific behaviors. The neuroanatomy
has been well described, however, the neurochemicals that regulate the function of these
neural pathways have not been identified. The purpose of this study is to identify the role of
GABA in the regulation of male mating behavior in the male golden hamster. We also
examined the role of GABA in the regulation of copulatory behavior in the castrate to
detennine if GABA played a role in steroidal regulation of male copulatory behavior.
1.1 Mating Behavior in Male Hamster
In the male Syrian hamster, copulation is initiated by the integration of two signals:
chemosensory stimuli from the olfactory system and hormonal stimuli from the gonads.
Copulation is eliminated if the detection of eith~r of these two signals is disrupted.
Chemosensory signals are produced by the female (Lisk, Zeiss, and Ciaccio, 1972). The most
powerful of these chemicals are produced in the female's vagina and released in the
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secretions collectively called FHVS (female hamster vaginal secretion). Males get this
stimulation from investigating the anogenital area of the female during copulation. These
pheromones are extremely interesting to males. When placed on the side of a cage, males
spend more time investigating FHVS than any other area in the testing cage ( Gregory, Engel,
and Pfaff.,197S). These secretions act as aphrodisiacs. Males attempt to mate with both
males and females which have FHVS put on their body (Murphy, 1973). This information
suggests that the pheromone from the female initiates the motivation of mating in male
hamster. These secretions are detected by the receptors in the olfactory mucosa and the
vomeronasal organ which project to the main olfactory bulb and accessary olfactory bulb,
respectively. Removal of the olfactory bulbs abolishes male copulation (Murphy and
Schneider, 1970). Thus, the olfactory bulbs in males are very important in the processing of
FHVS stimulation·and are necessary for performing mating behavior.
Testosterone also plays a critical role in the regulation of male hamster mating
behavior. Testosterone is secreted by Leydig cells located in the interstitial space between
the seminiferoces tubules of the testis. Testosterone is regulated by luteinizing hormone (I.R)
which is controlled by gonadotropin releasing hormone (GnRH). Males of all species, require
the presence of gonadal steroids to preform normal copulation (Sachs and Meisel, 1994).
When testosterone is removed by castration or reduced by exposure to a short-day
photoperiod, mating behavior stops (Morin and Zucker, 1978). Sexual activity can be
restored in castrated males by the replacement with exogenous testosterone (DeBold and
Clemens, 1978). Castrated males lose interest in investigating female odor (Gregory, Engel,
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and Pfaff, 1975). This indicates that steroids in male hamsters are required for making the
copulation to occur.
1.2 Neuronal Regulation of Male Copulatory Behavior
The olfactory bulbs and the medial nucleus of the amygdala (Me), the bed nucleus
of the stria terminalis (BNST), and the medial preoptic area (MPOA) are involved in
regulation of male mating behavior.
Chemoreceptors in the vomeronasal organ project to the accessory olfactory bulb
(Winans, 1982). The mitral cells of the accessory olfactory bulb project to the medial nucleus
of the amygdala which projects to the bed nucleus of the stria terminalis (BNST) via the stria
terminalis and to the medial preoptic area (MOPA) via ventral amygdalosugal pathway
(Lehamn and Winans, 1983). Receptors in the olfactory mucosa project to the main olfactory
bulb, then project to the medial nucleus of the amygdala through the cortical nucleus of the
amygdala (Winans, 1982).·Any disruption in this neural pathway will eliminate the mating
behavior in males (Murphy and Schneider, 1970; Powers, et al, 1987; Lehamn and
Winans,1980).
Lesion studies have provided more evidence that the medial preoptic area (MPOA),
the bed nucleus of the stria terminalis (BNST), and the amgdala (M) are the important areas
in the regulation of male copulatory behavior (powers, et al,1987; Lehman and Winans,
1980)
In the hamster, bilateral lesions restricted to the medial nucleus of the amygdala
eliminate male mating behavior in the male hamster and severely decrease the male's
4
investigation of the female hamster's anogenital region (Lehman and Winans, 1980).
Bilateral lesions of the rostral medial amygdala abolishe male hamster copulation and
significantly decrease the anogenital investigation (AGI) duration. However, male hamsters
with bilateral lesions of the caudal portion of the medial amygdala performed normal
copulation (Lehman and Winans, 1980). This suggests that the medial nucleus of the
amygdala and the rostral medial amygdala are important in the regulation of male mating
behavior.
Male hamsters with the bed nucleus of the stria terminalis lesions, all showed
significant reductions in their chemoinvestigatory behavior, even though the majority of them
continue to mate normally (powers, et al, 1987).
It has been found that small lesions of the medial preoptic area that include the
magnocellular subdivision of the medial preoptic nucleus (MPNmag) abolish male
copulatory behavior in the hamster, but do not affect anogenital investigation rates and
duration (powers, et al, 1987).
This evidence suggest that the olfactory bulb, the medial preoptic area (MPOA), the
bed nucleus of the stria tenninalis (BNST) and the amygdala (M) play different critical roles
in regulating male copulatory behavior. Thus, the integrity of this system is crucial for the
expression of copulatory behavior.
These regions are stimulated when intact male hamsters are exposed to the female
hamster vaginal secretion (FHVS). A study using fos immunoreactivity was performed to
discover this information. Fos expression can be detected in the posterior subdivision of the
medial nucleus of the amygdala (MeP) and the posteromedial subdivision of the bed nucleus
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of the stria terminalis (BNSTpm) and the magnacellular subdivision of the medial preoptic
nucleus (MPNmag) in male hamsters that were exposed to FHVS (Fiber and Swann, 1996).
It also has been shown that the medial nucleus of the amygdala (MeP), the posteromedial
subdivision of the bed nucleus of the stria terminalis (BNSTpm), and the magnocellular
subdivision of the medial preoptic area (MPNmag) expressed more fos immunoreactivity
after exposure to FHVS than after exposure to other substances (Fiber and Swann, 1993).
These results indicate that the expression of fos in these areas is specific to FHVS, but not
some other substances. Fos expression stimulated by the FHVS was observed in the
magnocellular subdivision of-the medial preoptic nucleus (MPNmag) in males but not in
females (Fiber and Swann, 1996). In castrated hamsters, fos expression can only be detected
in the posteromedial subdivision of the bed nucleus of the stria terminalis (BNSTpm) and
posterior subdivision of the medial nucleus of the amygdala (MeP), but not the
magnocellular subdivision of the medial preoptic nucleus (MPNmag). However, in castrated
hamsters treated with testosterone, fos expression can be seen in the magnocellular
subdivision of the medial preoptic nucleus (MPNmag). This suggests that the ability of
pheromones to stimulate these areas is testosterone dependent (Swann and Fiber, 1997).
Rats with the bed nucleus of the stria terminalis (BNST) lesion altered the pattern of
copulation. Some of the rats had problems in initiation of copulation. All of the tested
animals had deficits in ejaculation. Lesions of the BNST decreased the number of mounts
and intromissions and increased the latency to mount and the intervals between intromission
(Emery and Sachs, 1976).
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Rats with basolateral amygdala lesions showed no change in mating, but showed
deficits in the motivation to mate (Kondo, 1992). Rats with medial amygdala lesions showed
a severe deficit of copulatory behavior. As for rats with cortical amygdala lesions, although
their copulatory behavior was impaired, the effect was confined to a deficit in intromission
and ejaculation response (Kondo, 1992).
The studies on the bed nucleus of stria terminalis (BNST) and the amygdala (M)
have suggested that BNST and amygdala are the important nuclei for regulating
chemosensory behavior in initiating the male sexual behavior. The amygdala (M) is also
critical for performing male mating behavior.
A lot of studies have focused on the medial preoptic area and male mating behavior.
The MPOA has also shown its importance in the regulation of mating in many other species.
Lesions of the medial preoptic area (MPOA) in rats (Arendash and Gorski, 1983), snakes
(Friedman and Crew, 1985), goats (Hart, 1986), cats (Hart and Haugen, 1973), and dogs
(Hart and Ladewig, 1979) abolished male mating behavior.
Electrical stimulation of the medial preoptic area has been found to facilitate male
mating behavior (Malsbury, 1971). This information gave us more evidence to say that the
medial preoptic area (MPOA) is very important in the regulation of male copulatory
behavior.
Several different approaches have generated the same conclusion that the medial
preoptic area (MPOA) is important in the regulation of male sexual behavior in many species
(rats, mice, dogs, cats, goats snakes...). So it is not surprising that it plays an important role
in the regulation of male mating behavior in hamster.
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1.3 Steroid and Male Mating Behavior .
There have been two different approaches to study the steroid's actions on the brain-
locating the steroid receptors and putting the steroids into the brains of castrated animals. In
hamster, testosterone labeled neurons are densely located in the chemosensory pathway.
Radioactively labeled testosterone can be detected in the posterodorsal subdivision of the
medial nucleus of amygdala (Me), medial preoptic nucleus (MPN), and antero- and
posteromedial subdivision of the bed nucleus of the stria terminalis (BNST) (Wood, Swann,
and Newman, 1992). Androgen receptors have also been identified in the Me, BNST, and
MPOA by using immunocytochemistry (Wood and Newman, 1995b).
In the hamster, intrahypothalamic testosterone and estradiol implantation can restore
mating behavior in castrated animals, but implants of dihydrotestosterone (DHT) are not
effective in restoring the mating behavior (Lisk and Bezier, 1980). This observation was
further supported by some later research. It is the estradiol, but not the dihydrotestosterone
(DHT), that facilitates the male sexual behavior in the amygdala in male hamsters (Wood,
1996). This evidence indicates that the sexual behavior is stimulated by the action of gonadal
---steroids on the specific receptors in neurons located at the medial amygdala (M), the bed
nucleus of the stria terminalis (BNST), and the medial preoptic area (MPOA). Thus, these
areas serve to integrate steroid and hormone information to regulate mating.
In other species, male sexual behavior has also been found to be steroid dependent
(Sachs and Meisel, 1988). In rats, copulation is eliminated by castration, and mating behavior
restored by testosterone treatment (see review in Sachs and Meisel, 1988; McGinnis and
Dreifuss, 1989). In rats, androgen receptors are located in the medial preoptic area (MPOA),
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the bed nucleus of the stria terminalis (BNST) and the amygdala (M) (Sar and Stumpf, 1973).
In mice, the androgen receptors are located at the same place as in rats (Sheridan and
Melgosa, 1983). Also, only subcutaneous implantation of Silastic capsules filled with
testosterone (T) restored the male sexual behavior in all the tested animals. However, the
treatment of either estrogen ~) or estrogen ~) plus DHT restored the sexual behavior at
50% and 44%, respectively. A cell nuclear androgen receptor (AR) study showed that AR
binding levels were significantly higher than those in the~ treatment group or the~ plus
DHT group. These results suggest that testosterone acts in the brain via androgen receptors
to facilitate male mating behavior (McGinnis and Dreifuss, 1989). Injection of an androgen
receptor blocker prevents restoration of male copulatory behavior (McGinnis and Mirth,
1986). This is in agreement with the hypothesis that testosterone facilitates male sexual
behavior by binding to androgen receptors in the brain.
1.4 Amino Acid Neurotransmitter, gama aminobutyric acid (GADA)
Gama aminobutyric acid (GABA) is an inhibitory neurotransmitter in the central
nervous system (Roberts and Frankel, 1950). GABA is synthesized in neurons by the enzyme
glutamic acid decarboxylase (GAD), from the precursor glutamate, and degraded in neurons
and glia by GABA-transaminase (GABA-T) (Roberts and Frankel, 1950). Two GABA
receptors have been identified GABAA and GABAB (Enna and Snyder, 1975; Hill and
Bowery, 1981). Recently, it has also been proposed that the GABAc receptor, which is
insensitive to bicuculline (GABAA antagonist) and baclofen (GABAB agonist), eXIsts as a
new subtype of GABA receptors. GABAc receptors are found in the retina (Djamgoz, 1995).
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GABAA receptors are ionitropic receptors which regulate chloride channels (Enna and
Gallagher, 1983). Influx of chloride anions inhibits the firing of the neurons by causing
hyperpolarization (Brock, Coombs, and Eccles, 1952). GABAA receptors contain binding
sites for at least three different transmitter substances and neuromodulators. The primary
binding site is for GABA (Enna And Snyder, 1975). The secondary binding site is for
benzodiazepines (Tallman et al.,1981). The third binding site is for barbiturates (Asano ad
Ogasawara, 1982). The GABAB receptor is metabotropic and couples to the calcium and
potassium channel via a second messenger system (Karbo, Duma, and Enna, 1983).
GABAA receptors are present on both presynaptic and postsynaptic terminals. At the
presynaptic sites, the activation ofGABAA cause GABA release (Reith and Sillar, 1997). The
activation of the GABAA receptors at the postsynaptic sites results in increasing chloride ion
conductance which inhibits the influence of excitatory neurotransmitters (Mody et al, 1994).
GABAB receptors are also present on both presynaptic tenninals and postsynaptic
terminals (Harrison, 1990; Thompson and Gahwiler, 1992). Activation of GABAB receptors
at the presynaptic sites suppresses the release of neurotransmitter and the activation of
GABAB receptors at the postsynaptic sites produces neuronal hyperpolarization (Newberry
and Nicoll, 1984; Crunelli and Leresche, 1991; Colmers and Williams, 1988). This
information may help us understand the mechanism of GABA in the regulation of male
copulatory behavior. Infusion of GABA~ agonist causes presynaptic release of GABA and
postsynaptic hyperpolarization. Both actions produce the inhibitory effect. Infusion of
GABAB agonist suppresses presynaptic neurotransmitter release and induces postsynaptic
neuronal hyperpolarization.
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The subunits of GABAA receptors have been identified. In rodents, there are six u -
subunits (ueu6)' three ~-subunits (~e~3)' three Y subunits (Ye Y3)' and a a-subunit (Olsen
and Tobin, 1990; Seeburg et al., 1990; Herb et al.1992; Ludden and Wisden, 1991; Wilson-
Shaw et al., 1991). The u2 subunit and the Y1 subunit have been detected in the bed nucleus
of the stria tenninalis (BNST) and the medial preoptic area (MPOA). The u 2 subunit is
found in very high levels in the medial amygdaliod nucleus, lateral amygdaliod nucleus, and
posterior medial cortical nucleus. The u2 and ~3 subunits were coexpressed in the amygdala
(Widen, Monyer, and Seeburg 1992). This suggests that GABAA receptors are located in the
MPOA, BNST and the Me.
1.5 Role of Neurotransmitter in the Regulation of Mating Behavior
Copulation is regulated by a variety of neurotransmitter systems. A lot of research has
focused on the role of noradrenergic (Mallick, et aI, 1996), dopaminergic (Van Furth, et al,
1995), and serotonergic neurotransmission (Marson and McKenna; 1994) in copulation in
hamsters, rats and other species. It has been found that the noradrenergic, dopaminergic
system facilitates male mating behavior and the serotonergic system inhibits copulation. The
role of the inhibitory amino acid GABA in the regulation of copulatory behavior has also
been investigated, but the results are not clear.
Studies have found that systemic injection of the GABA transaminase inhibitor,
which increases GABAergic activity by decreasing GABA degradation, reduced intromission
behavior and ejaculation percentage without affecting the mounting behavior (Agmo,
Paredes, and Fernandez, 1987). This evidence was further supported by finding that GABA
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transaminase inhibitors slightly reduced the thrust frequency and had no effects on the thrust
duration in male rats (Agmo and Contreras, 1990). These data indicates that GABA plays an
inhibitory role in the regulation of sexual behavior in male rats.
Agmo and Paredes reported that GABAA agonists, 3-amino-1-propanesulfonic acid
(APSA) and THIP, reduced sexual behavior in male rats at very high doses (200 mglkg and
16 mglkg, respectively), however, the GABAB agonist, baclofen abolished the behavior at
a relatively low dose (2.5 mglkg) when the drugs were delivered systemically. They also
found that bicuculline (2 mglkg) had no effects on the mating behavior. This suggests that
the GABAB agonist is much more potent than the GABAA agonist in inhibiting male
copulatory behavior in rats.
Beyer's group (Fernandez, Larsson, and Beyer, 1986a) found that systemic injection
of either bicuculline (2.5 mglkg), GABAA antagonist, or muscimol (0.5 or 1.0 mglkg), a
GABAA agonist, did not alter the sexual behavior compared to saline treated controls.
However, infusion ofmuscimol to the medial preoptic area significantly increased copulation
latencies and decreased the number of mounts, intromissions, and ejaculations. Infusion of
the GABAA antagonist, bicuculline, shortened the postejaculation latency but had no effect
on other copulation measures. Bicuculline, infused into the medial preoptic area (MPOA),
has also been found to facilitate male mating behavior in castrated males treated with
testosterone (Fernandez-Guasti, Larsson, and Beyer, 1986b). Increasing latency to mount,
intromit , and ejaculate with the treatment of GABA agonists and deceasing the
postejaculation latency with the treatment of GABA antagonists indicate that GABA inhibits
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male sexual behavior by affecting the motivation in rats. Also the intracerebral drug infusion
is much more effective than systemic injection.
The goal of this study was to determine whether GABA inhibits male copulatory
behavior through actions on the medial preoptic area via GABAA or GABAB receptors and
to determine if steroids regulate male mating behavior by altering GABAergic transmission
in the MPOA. In order to test this hypothesis the GABAA agonist, muscimol, the GABAA
antagonist, bicuculline, the GABAB agonist, baclofen, and the GABAB antagonist, phaclofen
were infused to the medial preoptic area (MPOA) through bilaterally implanted cannulae in
intact males. Bicuculline and phaclofen were injected into the medial preoptic area in
castrated male hamsters. Male copulatory behavior was then observed. AGI duration, mount
latency, mounts, intromission latency, intromissions, ejaculation latency and ejaculations
were recorded.
From this study, we found that GABA inhibits male copulatory behavior by actions
on the medial preoptic area (MPOA) and that both the receptor types playa role in the
behavior. GABA inhibits the motivation to mate through binding to GABAA receptors and
reduces the sexual satiety through binding to GABAB receptors. Our data suggest that
steroids do not regulate mating behavior by decreasing GABAergic transmission in the
MPOA.
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Chapter Two
Materials and Methods
2.1 Experimental Subjects
Adult male Syrian hamsters weighing between 120 g and 140 g were purchased from
Charles River Laboratory. They were group housed, under conditions ofconstant temperature
withfood and water available ad lib. The light cyde (14 hr Light/l0 hr Dark) was controlled.
The animals were selected on the basis of their sexual behavior in preliminary tests with
receptive females. To qualify as an experimental animal, the male was required to have at
least two ejaculations in a lO-minute copulatory screening test.
To test the role of gonadal steroids on GABAergic transmission, additional male
hamsters, 3-months old were castrated upon arrival and housed as described above. 12 weeks
later, mating behavior was performed every week. Only the hamsters that had no mounts
during behavior tests were included in this study.
2.2 Experimental Design
A counter- balanced experimental design was used in this study. Half of the group
of the experimental hamsters received saline injections while the other half of the group
received drug injections on the fIrst test, and the treatment was switched on the second test.
Injections were given every the other day and each male was tested for copulatory behavior
for 10 minutes within 5 minutes of injections. Mating tests began after the lights were off.
The males were introduced to ovariectomized females brought into sexual receptivity by
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sequential treatment with estradiol benzoate (20 Ilglhamster) 48 hrs prior to test, followed
by progesterone (0.5 mg/ hamster) 6 hr prior to the behavioral test.
Microinjections were made through the guide cannulae by means of an injection
needle connected to a I-Ill Hamilton syringe via polyethylene catheter tubing. On the test
days, each animal received simultaneous bilateral injections of 0.5 III drugs or 0.5 III saline
vehicle. After the injections, the needles were left in place for 20 seconds to minimize
leakage up the cannula track. At least 48 hours were allowed between injections. Muscimol,
baclofen, and bicuculline were purchased from Sigma. Phaclofen was purchased from
Research Biochemicals International (RBI). All drugs were dissolved in 0.9% saline.
Muscimol was administered at two doses, 25 ng/cannula (0.2 nM)and 50 ng/cannula (0.4
~
nM). Bicuculline was given at 50 ng/cannula (0.1 nM). Baclofen was given at 25 ng/cannula
(0.1 nM) and 45 ng/cannula (0.2 nM). Phaclofen was given at 50 ng/cannula (0.2 nM). The
combination of bicuculline and phaclofen was given at 50 ng/cannula (0.1 nM and 0.2 nM
respectively) of each to the castrated males.
Drugs were given to 6 groups of animals. Group 1 (N=7) received 25 ng/cannula of
muscimol injection, group 2 (N=7) received 50 ng/cannula of muscimol injection and 50
ng/cannula of bicuculline treatment, group 3 (N=8) received bicuculline injection, group 4
(N=1O) received both 25 ng/cannula and 45 ng/cannula of baclofen injection, group 5 (N=7)
received phaclofen injection, and group 6 (castrated hamsters) received the combination of
bicuculline and phaclofen (N=5).
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Animals used for more than two drug treatments always had a behavioral test with
a saline injection before introducing another drug. This procedure was to make sure that the
effect from the second drug was not related to the first drug treatment.
The following behavioral components were recorded: 1) AGI (Anogenital
Investigation) duration: total time spent on anogenital investigation; 2) Mount latency: time
from the introduction of female to the first mount; 3) Number of mounts; 4) Intromission
latency: time from the entrance of female to the first intromission; 6) Number of
intromissions; 6) Ejaculation latency: time from the first intromission to the first ejaculation;
7) Number of ejaculations.Animals that failed to show mount, intromissions, or ejaculations
were given latencies of 600 seconds ( the total time of the test) for these measures.
2.3 Intracranial implants
All operations were performed on animals that were deeply anesthetized (9.7 mg I
100 gbody weight sodium pentobarbital). For each surgery, the hamster head was shaved and
placed on the stereotaxic instrument (David Kopf Instruments, Tujunga, CA) with the intra
aural plane in a horizontal position. The periosteum and overlaying fascial layers were
cleared from the skull through a midline incision. Two holes were drilled in the skull and
guide cannulae made from 23 gauge stainless steel tubing were lowered to the brain and
secured to the skull with dental cement. The tip of the cannulae were placed at 1.2 mm
anterior from bregma, 1.0 mm lateral from midline and 4.0 mm below the surface of the
skull. The tip of the injection needle went into 3.6 mm from the end tip of the guide
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cannulae. After surgery, hamsters were allowed to recover at least 2 days before the start of
behavioral testing.
2.4 llistology
Animals were sacrificed after the last behavioral tests were done. Each animal was
overdosed with an intra peritoneal injection of sodium pentobarbital (19.4 mg! 100 g body
weight), and perfused through the heart with 150 ml 0.1 M potassium phosphate-buffered
saline (KPBS pH 7.4), followed by 200 ml4% paraformaldehyde in KPBS. Then the brains
were removed, postfixed with 10% sucrose in 4% paraformaldehyde overnight and stored
in phosphate-buffered sucrose (10%) containing 0.001%thimerosal. Brains were cut into 40
Ilm sections on a freezing stage of a sliding microtome. The sections were mounted on
gelatin coated glass slides, dried, coverslipped and stained with cresyl violet. The injection
sites were examined for placement accuracy and brain damage.
2.4 Statistical Analysis
Information on AGI duration, mounts, intromissions, ejaculations, mount latency,
intromission latency, and ejaculation latency were collected and analyzed using two-way
ANOVA with repeated measure, 1 within, and 0 between. Significance is indicated when
p~0.05.
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Chapter Three
Results
3.1 Effects of muscimol injections on the male copulatory behavior
Both doses of the GABAA agonist, muscimol significantly reduced copulatory
behavior. For 5 hamsters in group 1with injection sites in the medial preoptic area (MPOA),
we found that the latency to mount, intromit, and ejaculate increased following the low dose
ofmuscimol (Figure 3.1). When these animals received a saline injection, they mounted the
female within the first 60 seconds. After receiving muscimol, they didn't start to mount until
290 seconds. The increase is significant, p<0.05. The same results can be seen in the
intromission latency as well as ejaculation latency as shown in Figure 3.1. The latency to
intromit and ejaculate were significantly increased, p <0.05. The average number of mounts
and intromissions decreased about 50% as shown in Figure 3.2. This decrease was
significant, p <0.05. Two out of five hamsters failed to show any mounts, intromissions, or
ejaculations when they received 25 ng/cannula muscimol treatment. The number of
ejaculations decreased only slightly which was not statistically significant. When the
muscimol dose was increased to 50 ng/cannula, a dramatic effect on the male copulatory
behavior was observed. This dose abolished male copulatory behavior in all 5 animals in
group 2 which was indicated by significant increase in latency (Figure 3.1) and a reduction
in the number of copulatory acts (Figure 3.2). Even though the hamsters did not do any
copulation when they received the higher dose muscimol injection, they still could
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investigate female anogenital area normally. Neither the lower dose or the higher dose
affected the anogenital investigation (AGI) as shown in Figure 3.3 and 3.4.
We also analyzed 4 hamsters with injection sites outside the MPOA. Cannulae went
to the lateral ventricle, anterior commissure (AC) and caudal to the MPOA almost to the
suprachiasmatic nucleus (SCN). We found that muscimol, 50 nglcannula (N=2), significantly
decreased the number of intromissions and ejaculations at the higher dose. The number of
mounts was decreased, but not significantly (Figure 3.5). The latency to mount, intromit, and
ejaculate was not affected (Figure 3.6). Muscimol had no effects on the male copulatory
behavior at the lower dose of muscimol (25 ng/cannula) (N=2). Data is shown in Figure 3.7
and Figure 3.8.
3.2 Effects of Bicuculline on Male Copulatory Behavior
Bicuculline, a GABAA antagonist, had slight opposite effects on copulatory behavior.
In group 3, 5 hamsters treated with bicuculline, the latency to mount decreased from 105
seconds following the saline injections to 52 seconds following the bicuculline injection.
This decrease, however, was not statistically significant, p=O.13. Intromission and ejaculation
latency were decreased with bicuculline injections compared to the saline injections.
However, only the latency of intromission was statistically significant (p <0.05) as shown
in Figure 3.9. Figure 3.10 shows that Bicuculline did not significantly increase the number
of mounts, intromissions, and ejaculations. Figure 3.11 shows that AGI duration was not
affected by the bicuculline injections.
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Three bicuculline treated animals with the injection sites out of the medial preoptic
area (MPOA) showed no significant difference on the number of mounts, intromissions, and
ejaculations (Figure 3.12) and the latency to mount, intromit, and ejaculate (Figure 3.13). The
injection sites were in the anterior hypothalamus, lateral ventricle, the bed nucleus of the
stria terminalis (BNST) and caudal to the MPOA.
3.3 Effects of Baclofen on Male Copulatory Behavior
We found that baclofen (45 ng/cannula) injections abolished male copulatory
behavior in all 8 tested animals in group 5 as shown in Figure 3.14 and Figure 3.15. This
dose is equimolar to 50 ng of muscimol. However, at this concentration, muscimol could
only decrease copulation. The GABAB agonist, baclofen is more potent than the GABAA
agonist, muscimol on the regulation of male copulatory behavior. Hamsters investigated the
female anogenital region nonnally as indicated in "Figure 3.12. When the dose of baclofen
was reduced to 25 ng/cannula, the injections significantly reduced the number of mounts,
intromissions and ejaculations (Figure 3.14) and significantly increased latency to mount,
intromit, and ejaculate in 8 hamsters.(Figure 3.15). Six out of eight hamsters, 75% stopped
mating when they received lower dose (25 ng/cannula) of baclofen treatment while 100%
hamsters continued mating when they received saline treatment. Neither the higher dose or
the lower dose affected the AGI duration (Figure 3.16) and (Figure 3.17).
Two hamsters had injection sites out of the MPOA. One with cannula went all the
way through the brain and another was lateral to the MPOA. Their behavior showed no
significant change with baclofen treatment. (Figure 3.18 and Figure 3.19)
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3.4 Effects of Phaclofen on Male Copulatory Behavior
GABAB antagonist, phaclofen (50 ng/cannula) enhanced .sexual behavior when
compared to saline injection in 5 hamsters. The latency to mount decreased 47%, the latency
to intromit decreased 46%, and the latency to ejaculate only decreased 32% when animals
received this dose of phaclofen treatment as shown in Figure 3.20. However, this decrease
was not statistically significant, p >0.05. The number of mounts and intromissions were
significantly increased (p <0.05), but not the number of ejaculations, p >0.05 (Figure 3.21).
Phaclofen injections had no effect on the AGI duration (Figure 3.22).
In this group of animals, 2 hamsters had misplacement of cannulae. One of the
animals had the implantation too rostral to be included in the study. Other injection sites
were either in the caudal part of the MPOA ~most to the superachaismatic nucleus (SeN)
or very ventral to the MPOA. These hamsters showed no change on any copulation
measurements when treated with phaclofen (Figure 3.23 and Figure 3.24).
3.5 Effects of Combined Phaclofen and Bicuculline Injection on the Male copulatory
Behavior in Castrated Hamsters
Five castrated male hamsters received combined 50 ng/cannula bicuculline and 50
ng/cannula phaclofen infusion. Male mating behavior was not facilitated, only one animal
showed 2 mounts during the testing, but not others. When the dose of these two drugs was
increased 10 times, male mating behavior was not reversed, however, it induced the seizure
in the 60% of the hamsters (Figure 3.25 and Figure 3.26).
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3.6 Drug Injection Sites
Figure 3.27 represents the injection sites of both muscimol and bicuculline infusion.
Closed circles represent that muscimol injection had inhibitory effect on the male copulatory
behavior. Closed squares represent that bicuculline injections had effects on the male
copulatory behavior. Star symbols represent that injections had no effects on the male
copulatory behavior. Figure 3.28 represent the injection sites for both baclofen and phaclofen
injections. Dotted squares represent that baclofen had inhibitory effects on the make
copulatory behavior. Dotted circles represent that phaclofen injections facilitate the male
- -
mating behavior. Stars represent that injections had no effects on the male sexual behavior.
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Chapter Four
Discussion and Conclusion
The results in the previous Chapter indicate that activation of both GABAA and
GABAB receptors by their agonists can suppress male copulatory. behavior. These actions
occur in the medial preoptic area (MPOA). Our results do not suggest that steroids regulate
male mating behavior by decreasing the GABAergic transmission in the medial preoptic area
(MPOA).
It has been shown that 25 ng/cannula of the GABAA agonist, muscimol infused to the
medial preoptic area reduced male mating behavior in the rats and GABAA antagonist,
bicuculline, infused into the medial preoptic area in rats, reduces the interintromission and
postejaculation intervals, and the duration ofpostejaculation vocalization (Fernandez-Guasti,
Larsson, and Beyer 1986a). THIP, another GABAA agonist, reduced male sexual behavior
in rats and bicuculline had no effects on the behavior when systemically administered (Agmo
and Paredes, 1985).
Our data agree with their findings that muscimol inhibits male sexual behavior and
bicuculline facilitates male copulatory behavior in hamsters when the drugs were infused to
the MPOA. Our findings suggest that GABA inhibits both the motivation to copulate and
performance of copulatory behavior. The evidence to support this is that muscimol increased
the latency to mount, intromit and ejaculate while bicuculline injections decreased the
latency to mount and ejaculate and significantly decreased the latency to intromit. Muscimol
23
significantly decreased the number of mounts, intromissions, and ejaculations. But
bicuculline injections had no effects on the number of copulatory acts.
Baclofen is much more potent than muscimol according to our results. This agrees
with the data that Agmo and Paredes reported (Agmo and Paredes, 1985). They found that
systemically injection of GABAA agonist, 3-amino-1-propanesulfonic and THIP reduced
sexual behavior in rats at the dose of 100 mg/kg and 16 mg/kg respectively. However,
baclofen abolished male sexual behavior at a dose of 2.5 mg/kg. In the present experiment,
45 ng/cannula (0.2 nM) of baclofen completely suppressed male copulatory behavior in all
the testing animals. The same dose of muscimol (25 ng/cannula, 0.2 nM) suppressed
behavior in only 2 out of 5 animals.
It has been demonstrated that in striatal spiny neurons, activation of GABABreceptors
with baclofen can depress the stimulation-induced excitatory postsynaptic potential without
affecting the resting membrane potential, which indicates a presynaptic GABAB-mediated
inhibition of glutamate release (Nisenbaum , Berger, Grace 1993).
Along with these previous reports, the data in this thesis suggest that the activation
of the GABABreceptor by a specific agonist, baclofen, may inhibit the male copulatory
behavior via inhibition of neurotransmitter release. Additional studies in our lab have shown
that glutamate also plays a role in the male copulatory behavior in the hamster via actions on
the MPOA. Thus, GABA could regulate behavior by preventing glutamate release in the
MPOA.
There could be some other reasons to explain why GABA inhibits male copulatory
behavior. The possibilities are that GABA may interact with dopamine (DA) neurons,
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norepinephrine neurons, or serotonin neurons. Recently electrolytic and neurochemical
lesions in the midbrain and serotonergic pathway were reported to cause a shortening of the
ejaculation latencies and postejaculatory intervals (McIntosh and Barfield ,1984a), which
suggests that serotonin may be another neurotransmitter involved in the control of male
copulatory behavior. McIntosh et ai. also reported that noradrenaline and dopamine played
a role in the control of male mating behavior. Electrolytic lesions of locus coeruleus where
the norepinephrine cell bodies locate significantly increased the duration of the post-
ejaculation refractory period. Administration of a norepinephrine synthesis inhibitor
significantly increased the latency to mount and intromit. Electrolytic lesions of substantia
nigra where dopamine cell bodies are located and administration of dopamine receptor
blockers significantly increased the length of the post-refractory period and the duration of
the post-refractory period (McIntosh and Barfield, 1984b and 1984c).
Based on the behavioral data, in this thesis, I present my hypothesized mechanism
for the inhibitory effects of GABA on the male copulatory behavior. Increasing GABA
activity via injection of the GABAA agonist, muscimol, or the GABAB agonist, baclofen into
the medial preoptic area can inhibit presynaptic glutamate release, increase GABA release,
or decrease dopamine and norepinephrine neurotransmission in the medial preoptic area
(MPOA).
GABA has severe effects on motor behavior. Decreases in motor behavior would also
decrease male copulatory behavior. However, several aspects of the present study indicate
that the effects of the drug were specific to the behavior. First, hamsters had dose dependent
responses to the agonists. Lower dose of agonists decreased the mating behavior and higher
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dose of the agonists abolished copulation. Second, the actions of the drugs were site specific.
Only when the injections were made in the medial preoptic area (MPOA) did the drugs have
inhibitory effects on the copulation. If the injections were made in some other places, the
drugs had no effects on the mating behavior. Third, the drug effects were not permanent.
Forth, eight hours after the drug treatment, male copulatory behavior was restored to normal
level.
Finally, our results· show that AGI was not affected by any treatment. Anogenital
investigation is a complex behavior involving animal gross motor movements. The lack of
effect indicates that the drug did not affect copulation by general effects on motor behavior
but had specific effects on copulatory behavior itself.
In summary, the results of these studies indicate that GABA may playa role in the
regulation of male copulatory behavior via actions on the MPOA in hamsters. Changes in
copulatory behavior induced by castration are not caused by increased GABAergic
transmission. These results in combination with other studies suggest that GABA acts to
inhibit neurotransmission by other neurotransmitters. Future studies are required to identify
these substances.
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Figure 3.1. Effects of muscimol at the dose of 50 nglcannula
and 25 ng/cannula injection on latency to mount,
intromit, and ejaculate. * Muscimol significantly
increased the latency when compare
to saline treatment. p<0.05
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Figure 3.2. Effects of muscimol at the dose of 50
nglcannula and 25 nglcannula injection on the
number of mounts, intromissions, and
ejaculations. * Muscimol significantly reduced
the number. p<0.05
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injection on the AGI duration.
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Figure 3.5. Effects of 50 ng/cannula muscimol injection
on the male mating behavior when the injection
sites are outside the MPOA. * Muscimol
significantly decreased· number of intromission
and ejaculation. p<0.05
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.Figure 3.6. Effects of 50 nglcannula muscimol injection
on the mating behavior when injections are
outside the MPOA.
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Figure 3.7.Effects of 25 nglcannula muscimol on the
number of mounts, intromissions, and ejaculations
when the injection sites are outside the MPOA.
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Figure 3.8. Effects of 25 ng/cannula muscimol on the
latency to mount, intromit, and ejaculate when
the injection sites are outside the MPOA.
34
250
,,-... 200
•~
~
l'I.l 150'-'
l'I.l T~••~ 100 1
=~
....
= 50~
0
mount
D saline
1St bicuculline
I
1
*
intromission ejaculation
Figure 3.9. The effects of bicuculIine ( 50 nglcannula)
injection on the latency to mount, intromit, and
ejaculate. * BicuculIine significantly decreased
the latency to intromit. p<0.05
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Figure 3.10. The effects of bicuculline (50 ng/cannula)
injection on the number of mounts,
intromissions, and ejaculations •
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Figure 3.11. The effects of bicuculline injection
(50 ng/cannula) on the AGI duration.
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Figure 3.12. Effects of bicuculline on mating when
injections are outside the MPOA.
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Figure 3.13. Effects of bicuculline on the mating when
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Figure 3.14. Effects of baclofen injection (45 ng/cannula and
25 ng/cannula) on mating behavior. * Baclofen
significantly reduced the number of mounts,
intromissions, and ejaculations. p<O.05
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Figure 3.15. Effects of baclofen, 45 ng/cannula or 25
ng/cannula on latency to mount, intromit, and
ejaculate. * Baclofen treatment resulted in
significantly longer latency than saline
treatment. p<O.05
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Figure 3.16. The effects of baclofen injection
(25 ng/cannula) on the AGI duration.
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Figure 3.18 Effects of baclofen on mating when
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Figure 3.19. Effects of baclofen on the latency to mount,
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Figure 3.20. The effects of phaclofen injection
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Figure 3.21. Effects of phaclofen injection ( 50 nglcannula)
on number of mounts, intromissions, and
ejaculations. * Phaclofen significantly increased
the number of mounts and intromissions. p<0.05
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Figure 3.23. Effects of phaclofen on the mating when
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Figure 3.24. Effects of phaclofen on the number of mounts,
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Figure 3.25. Effects of phaclofen and bicuculline on
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ejaculations in castrated hamsters.
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Figure 3.27. Muscimol and Bicuculline injection sites
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Figure 3.28. Baclofenand Phaclofen injection sites
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